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Introduction
The preparation and structural characterization of sulfur-containing complexes of molybdenum and tungsten are a rapidly expanding area of re search [1 , 2 ] : sulfidomolybdenum com pounds are studied as models for biosystems, oxo and thio de rivatives of molybdenum and tungsten are inter esting materials in catalytic processes [2] [3] [4] , The majority of these thio-and oxothiometalate anions are obtained from the reactions of the m ono nuclear anions MO"S4_"2' (M = Mo, W; n = 0 -2 ).
The ligand behavior of MO"S4_"2' type anions towards other transition metals M' and the form a tion of hetero trinuclear complexes M '(M O /;S4.")22' (M = Mo, W; n = 0 -2 ; M' = Fe, Co, Ni, Pd, Pt, Cd, Hg) have been studied in detail [1, 2] .
We have undertaken investigations on the for m ation of heterometallic complexes from thio-* R ep rin t requests to Dr. G uo Xin Jin. and oxothiotungstate with Ni and Cu. and the re action of mixed metal sulfides with oxygen in basic solution. The results of these studies are reported herein.
Experimental
The am m onium salt (N H 4)2WS4 was prepared according to the literature procedure [5] . The tetraphenylphosphonium salt [Ph4P]2W S4 was ob tained by metathetical reaction of (N H 4)2WS4 with Ph4PBr in methanol. All manipulations were carried out under argon using Schlenk techniques.
The IR spectra were recorded on a Nicolet FT-170SX spectrom eter with KBr pellets. Electronic spectra were obtained on a Hitachi V-240 UV-Vis spectrophotom eter in D M F solution between 600 and 190 nm. Elemental analyses were performed by the M odern Analytical Center of Nanjing University.
Preparation o f [P h4P] 2[N i(S 2)(W S 4)] (I)
A solution containing [Ph4P]2WS4 (0.99g, l.Ommol), NiCl2 (0.06g, 0.47mmol) and N aO CFI3 0 932-0776/96/0800-1197 $06.00 © 1996 V erlag d e r Z eitschrift für N aturforschung. All rights reserved. 
Preparation o f [P h4P]2{[(S 7)WO(jU-S)]?NiJ (Ila)

and [nB u 4N ]2 [/(S 2)W ()(u -S ]j2N ij (lib)
A solution of NiCl2 (0.13g, l.Ommol) in 20ml of methanol was added to a solution containing (N H 4)2WS4 (0.70g, 2.0mmol) and N aO C H 3 (1.08g, 20mmol) in 100ml of methanol. W hen 0 2 gas was slowly bubbled into the solution for 30min, the colour of the solution turned to red. The reaction was stirred for further 8 h at room tem perature (r.t).The solution was filtered and a methanol solu tion of Ph4PBr (1.68g, 4.0mmol) was added to the filtrate. This mixture was kept for 10 days at r. 
Preparation o f [P h4P]2[Ni(WOSi)-> ] (IV) and [P h4P]2[N i( W 0 2S2)2J (V)
A solution containing (N H 4)2W O S3 (0.66g, 2mmol) and NiCl2 (0.13g, l.Ommol) in 80ml of methanol was stirred at r.t. for 4 h. A fter filtration, the brown filtrate was carefully added to a solu tion of Ph4PBr (1.26g, 3.0mmol) in 20ml methanol.
A fter 5 days, complex IV was obtained by filtra tion as brown prismatic crystals (0.64g) in 48% yield.
A n analogous procedure as described above using (N H 4)2W 0 2S2 (0.63g, 2mmol) as starting material was used for the synthesis of V which was obtained as yellow brown crystals (0.56g) in 43% yield. 
Preparation o f I fro m Ilia
A solution containing Ilia (0.20g, 0.15mmol) and N H 2O H HCl (0.02g,0.3mmol) in 40ml of pyri dine was kept at 50°C for 2 h. After filtration, the solution was evaporated and the residue was crys tallized from C H 2Cl2//-PrO H to give a crystal mix ture which could be isolated under a microscope.
Complex I was obtained as red brown prismatic crystals (0.03g) in 18% yield.
Preparation o f W (p -S )4C u2(P P h3)3 (VI)
A methanol solution (150ml) of (N H 4)2WS4 (0.35g, l.Ommol) and PPh3 (1.05g, 4mmol) was treated with a m ethanol solution (20ml) of CuCl (0.20g, 2 .0mmol) at r.t. to produce a yellow precip itate. A fter filtration and washing with methanol and E t20 , the precipitate was crystallized from C H 2Cl2/hexane to afford 1.08g yellow prismatic crystals of VI in 87% yield. were dissolved in 20ml of pyridine and kept under reflux for 30min. A fter filtration, /-PrO H was added to the filtrate and after 20 days 0.2 2 g orange crystals of VII could be isolated in 86% yield.
Preparation o f W (fi-S)4Cu2(P P h i)4 -py (VII)
A
Crystal structure analyses o f [P h4P ]i[N i(S 2)(W S 4)] (I) and W (p-S)4Cu2(P P h3) 4 p y (VII)
The crystals of I and VII were obtained directly from the preparations and were suitable for single crystal X-ray works. D ata were collected at r.t. in 0-20 scan mode on an Enraf-Nonius CA D -4 dif fractom eter with graphite m onochrom atized M oK a radiation (A= 0.71069 Ä) (for details see Table I ). The structures were solved by using pro grams from the SDP package. Tungsten positions were determ ined from the Patterson maps and all non-hydrogen atoms were located by subsequent structure factor calculation.The refinem ent with anisotropic thermal param eters was carried out by full-matrix least-square procedures.
Further details of the crystallographic structure determinations are available on request from the Fachinformationszentrum Karlsruhe, Gesellschaft für wissenschaftlich-technische Information mbH, D-76344 Eggenstein-Leopoldshafen, Germany, on quoting the depository num ber CSD 59070, the names of the authors, and the journal citation. 
Results and Discussion
Müller and co-workers [6] have prepared a series of dianionic W-Ni sulfides. These given in Table II. Table III summarizes 
